Abstract To avoid the potential risks of allogeneic transfusion during total hip arthroplasty (THA), the use of preoperative autologous blood donation (PABD) has been utilized. We performed a retrospective chart review of 283 patients undergoing THA that either donated 1 U of autologous blood (188 patients) or did not donate autologous blood before surgery (95 patients) in order to investigate the difference in postoperative transfusion rate (autologous and allogeneic), the incidence of allogeneic transfusion, and the difference in cost of each protocol. In addition, the study compared transfusion rates in patients with and without preoperative anemia (hemoglobin (Hb)≤ 12.5 g/dL). At 0.75 transfusions per patient versus 0.22 transfusions per patient, the PABD patients had a significantly higher overall transfusion rate. PABD significantly reduced the need for allogeneic blood in anemic patients (Hb≤12.5 g/dL) from 52.6% to 11.8%. PABD did not have the same affect in nonanemic patients (allogeneic transfusion rate 5.7% versus 4.0%). The study demonstrated that nonanemic patients undergoing THA do not benefit from PABD, but it is effective for anemic patients.
Introduction
Blood loss in total hip arthroplasty (THA) can result in severe or symptomatic anemia, requiring blood transfusion. Preoperative autologous blood donation (PABD) is commonly used to reduce the incidence of allogeneic transfusion and the associated risks of blood-borne diseases, transfusion and allergic reactions, and postoperative infection [1, 4, 17, 18] . Unfortunately, donation of autologous blood is costly, creates logistical challenges, and can result in phlebotomy-induced anemia [1, 4, 18] , which may actually increase the risk of needing a transfusion. Furthermore, use of autologous blood may not eliminate all the risks of transfusion [1, 2, 4, 6, 11, 14, 15] , including fluid overload, increased hospital stay, and administrative errors.
Several studies have questioned the efficacy of autologous blood in reducing the need for allogeneic blood [1, 6, 11, 14, 15] , as well as its cost-effectiveness [3, 9, 12] . In one study [11] , patients who donated autologous blood had lower hematocrit (Hct) levels immediately prior to surgery than patients who did not donated blood. The rate of allogeneic transfusion was somewhat lower in this group, but the total transfusion rate was higher and many autologous units were wasted [11] . In anemic patients, the efficacy of autologous blood has been questioned [5, 8] .
The current study investigates whether routine donation of 1 U of autologous blood prior to primary THA reduces the need for allogeneic blood transfusion following THA compared to a protocol in which autologous blood is not utilized. In addition, we wished to assess whether anemic patients would benefit from PABD as compared to nonanemic patients. We also sought to assess whether PABD increases the overall number of transfusions and what percentage of autologous blood is wasted, and finally, we assessed the difference in cost between the two blood management protocols.
Materials and methods
After obtaining approval from our institutional review board, a retrospective chart review of the hospital records of patients undergoing primary THA utilizing a standardized minimally invasive posterior approach under hypotensive spinal-epidural anesthesia by the two senior authors (TPS, FB) was performed. The study encompassed surgeries performed between January 2007 and March 2008. During the study period, the two surgeons utilized different standard blood management protocols. Surgeon A (TPS) routinely sent patients for preoperative donation of 1 U of autologous blood, whereas surgeon B (FB) did not routinely advise preoperative autologous blood donation. Patients sent for preoperative blood donation were scheduled for donation based on the blood bank's scheduling availability, but not at a standard preoperative time period.
Gender, age, body mass index (BMI), preoperative hemoglobin (Hb), date of preoperative hemoglobin measurement, date of autologous blood donation, intraoperative blood pressure, preoperative comorbidities, American Society of Anesthesiologists score, number of autologous transfusions, number of allogeneic transfusions, time of transfusion, vital signs, postoperative hemoglobin levels until date of discharge, and in-hospital complications were recorded. Patients were excluded if their charts noted blood dyscrasias, significant coronary artery disease, and/or bilateral hip replacement. Patients whose actual blood management deviated from the standard protocol of their attending surgeon were noted and excluded from analysis.
During the study period, surgeon A performed 188 unilateral THAs in patients eligible for study inclusion. Fourteen patients did not donate autologous blood, leaving 174 patients in group A. During the study period, surgeon B performed 95 unilateral THAs in patients eligible for study inclusion. One patient donated 1 U of autologous blood, leaving 94 patients in group B. Patients received allogeneic transfusions if the hemoglobin level dropped below 8.0 g/dL, and they displayed clinical symptoms of anemia (increased heart rate, lower blood pressure, orthostatic reaction) despite an intravenous fluid bolus. The decision to transfuse autologous blood was initiated at the discretion of the anesthesiologist, and strict transfusion guidelines were not always enforced. Autologous blood was considered wasted if a patient predonated autologous blood but never received the autologous transfusion.
The two groups were similar in terms of male/female ratio, age, BMI, and degree of intraoperative hypotension achieved. Group A included 77 male and 97 female patients (n=174) with mean age 66 years (range, 19 to 89 years), The cost of PABD and allogeneic transfusion was calculated considering average cost of an autologous/ allogeneic unit of blood of US $300, a type and cross fee of US $100, and a transfusion fee of US $100. Insurance reimbursement for preoperative donation or transfusion was not considered for this protocol.
Patients were further divided by preoperative hemoglobin level, utilizing 12.5 g/dL as the level below which preoperative anemia was defined. Patients with a hemoglobin level above 12.5 g/dL were considered nonanemic. Preoperative hemoglobin levels were measured before PABD.
Data were analyzed using a standard t test with two tails in Microsoft Excel (Microsoft Corporation, Redmond, WA, USA, Microsoft Office 2008 Version 12.1.4 for Macintosh). A p value of less than 0.05 was considered statistically significant.
Results
The overall rate of allogeneic transfusion was lower for patients who donated autologous blood (group A, 6.9%) than for patients who did not donate blood (group B, 13.8%; p=0.03). In group A, 67.2% of patients received autologous transfusions (Table 1) , whereas no patients in group B received autologous blood. As a result, patients in group A received a higher total number of transfusions (0.75 per patient) than did those in group B (0.22 per patient; p<0.001; Table 2 ). Nonanemic patients had fewer total blood transfusions per patient than did anemic patients (Table 1 ; p<0.001).
Overall, 80% of the patients in each group had a preoperative Hb of greater than 12.5 g/dL. Subgroup analysis revealed that the reduction of allogeneic transfusion associated with PABD was confined to anemic patients with baseline Hb≤12.5 g/dL. The rate of allogeneic transfusion for nonanemic patients in group A (5.7%) was similar to the rate of allogeneic transfusion for nonanemic patients in group B (4.7%; p=0.62). The 11.8% rate of allogeneic transfusion for anemic patients in group A (PABD) was lower than the 52.6% rate of allogeneic transfusion for anemic patients in group B (no PABD; p< 0.001). The two blood management protocols did not differ with regard to discharge Hb, which was 10.8 g/dL (range, 8.2-13.7 g/dL) in group A and 10.6 g/dL (range, 7.7-13.6 g/dL) in group B (p=0.25).
The mean cost per patient was higher in group A (US $507.20) than in group B (US $188.00). The cost per patient in both groups decreases for nonanemic patients and increases for anemic patients. If nonanemic patients are treated without autologous blood donations and anemic patients donate 1 U of autologous blood preoperatively, the cost of blood management per patient is US $218.40 and only 5.6% of patients would require allogeneic transfusions (Table 3) .
Discussion
The routine use of PABD in total hip arthroplasty has been questioned. Historic data supporting the use of PABD in THA [1] were never definitive and may not apply in the setting of modern surgical and anesthetic techniques. At the authors' institution, minimally invasive techniques and hypotensive anesthesia are routinely utilized. The current retrospective study evaluated whether routine autologous blood donation was beneficial prior to THA. We focused on the impact of PABD on allogeneic blood transfusions, overall transfusions, unused autologous blood, and cost of blood management. The study also analyzed whether the cost and efficacy of PABD differed between anemic and nonanemic patients.
The current study is limited by its retrospective nature. While strict transfusion guidelines were enforced for allogeneic blood, autologous blood was transfused at the discretion of the covering anesthesiologist. Patients with preexisting conditions that might put them at risk for a transfusion were excluded from the study. Hypotensive spinal anesthesia and minimally invasive surgical technique were utilized by both surgeons, which may limit the applicability of our results to centers where these techniques are not employed. Furthermore, although the same surgical technique was used, having two surgeons could introduce bias. Some insurance plans reimburse for PABD or costs associated with type and cross, transfusion procedures, or discarded blood. These revenues have not been considered for the calculation of blood management expenses.
In an analysis of blood management in patients undergoing unilateral primary total hip arthroplasty, Bierbaum and coworkers found that 36% of patients that donated an average of 1.8 U of autologous blood before surgery did not receive any blood back, while 9% of patients that donated autologous blood before surgery still needed allogeneic blood [1] . A prospective, randomized trial of elective THA patients by Billote and coworkers compared PABD to no donation in patients with baseline hemoglobin levels above 12.0 g/dL. The authors concluded that PABD may be detrimental for nonanemic total hip replacement patients because despite increased health-care costs, PABD did not eliminate the use of allogeneic blood [3] . The current study also showed no benefit of PABD in nonanemic patients.
Forgie and coworkers conducted a meta-analysis of previously published studies and data (not specific to orthopedic surgery) to determine if autologous blood donation reduced the risk of allogeneic blood use. The researchers found that patients who donated autologous blood before surgery were less likely to receive allogeneic blood but were overall more likely to need a transfusion of Table 2 The average total number of transfusions was higher in group A (group A: PABD, group B: no PABD; anemic ≤12.5 g/dL, nonanemic >12.5 g/dL) either allogeneic or autologous blood [11] . In the current study, patients who donated autologous blood had a higher total number of transfusions and higher average number of transfusions per patient than patients who did not donate. Donating autologous blood before surgery can result in a high percentage of unused autologous blood. The percentage of wasted autologous blood reportedly ranges from 25% to 46% [1, 11] . In the current study, 32.8% of PABD patients wasted autologous blood.
Specific protocols targeting patients at risk for postoperative transfusion might reduce the need for allogeneic blood and overall costs. In a retrospective analysis of consecutive total joint arthroplasty patients, Hatzidakis and coworkers attempted to identify risk factors for allogeneic transfusions. Autologous donation not only significantly decreased allogeneic blood use but also significantly reduced preoperative hemoglobin level [14] . Bierbaum et al. found that the best predictors for allogeneic blood use were low baseline Hb levels and a lack of donated autologous blood [1] . Our findings support the notion that preoperative anemia is a strong risk factor for postoperative transfusion.
The current study results do not support the routine use of autologous blood donation in nonanemic patients undergoing primary THA. The best method to minimize allogeneic blood exposure in anemic patients undergoing THA remains controversial. Our data support the efficacy of 1 U PABD in this population. Faris and coworkers demonstrated that erythropoietin administered before elective orthopedic surgery can reduce allogeneic transfusions as well [10] . Other studies have shown that erythropoietin may reduce the need for allogeneic blood, raise preoperative hemoglobin, and decrease the need for autologous blood donation [5, 12, 13, 16] . Cushner retrospectively compared PABD to epoetin alpha in anemic patients undergoing total knee arthroplasty. The average preoperative Hb level was significantly higher in patients that underwent epoetin alpha treatment versus patients that donated autologous blood, but allogeneic transfusion rates were similar in both groups [7] . Couvret and coworkers conducted a prospective observational studies of THA and TKA patients and concluded that utilizing erythropoietin or limited preoperative autologous blood donation for anemic patients (Hct≤39%) resulted in a 72% relative transfusion rate reduction [5] . Our study did not specifically compare the efficacy of PABD to the use of erythropoietin. Nevertheless, our data confirm that PABD is an effective method to lower allogeneic blood exposure for anemic THA patients with Hb levels≤12.5 g/dL.
Abandoning PABD for nonanemic patients does not increase the need for allogeneic blood. PABD reduces the need for allogeneic blood transfusion in anemic patients. Target blood management offers significant cost savings and reduces the overall number of transfusions. A protocol that implemented selected preoperative autologous blood donation for anemic patients reduces the overall cost of blood management from US $507.20 to US $218.40 per patient. The current study recommends limiting PABD to patients undergoing primary THA with Hb≤12.5 g/dL. 
